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Center for Advancing Trhe aim of this study was to determine whether post-traumatic stress disorder (PTSD) is associated with coronary
heart disease (CHD) using a prospective twin study design and objective measures of CHD.Background It has long been hypothesized that PTSD increases the risk of CHD, but empirical evidence using objective measures
is limited.Methods We conducted a prospective study of middle-aged male twins from the Vietnam Era Twin Registry. Among twin pairs
without self-reported CHD at baseline, we selected pairs discordant for a lifetime history of PTSD, pairs discordant
for a lifetime history of major depression, and pairs without either condition. All underwent a clinic visit after
a median follow-up of 13 years. Outcomes included clinical events (myocardial infarction, other hospitalizations for
CHD and coronary revascularization) and quantitative measures of myocardial perfusion by [13N] ammonia positron
emission tomography, including a stress total severity score and coronary ﬂow reserve.Results A total of 562 twins (281 pairs) with a mean age of 42.6 years at baseline were included in this study. The incidence
of CHD was more than double in twins with PTSD (22.6%) than in those without PTSD (8.9%; p < 0.001). The
association remained robust after adjusting for lifestyle factors, other risk factors for CHD, and major depression
(odds ratio: 2.2; 95% conﬁdence interval: 1.2 to 4.1). Stress total severity score was signiﬁcantly higher (þ95%,
p ¼ 0.001) and coronary ﬂow reserve was lower (0.21, p ¼ 0.02) in twins with PTSD than in those without PTSD,
denoting worse myocardial perfusion. Associations were only mildly attenuated in 117 twin pairs discordant for
PTSD.Conclusions Among Vietnam-era veterans, PTSD is a risk factor for CHD. (J Am Coll Cardiol 2013;62:970–8) ª 2013 by the
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tomography
PTSD = post-traumatic
stress disorder
STSS = stress total severity
score
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971A characteristic of PTSD is enhanced sympathetic nervous
system response with trauma-reminiscent stimuli coupled
with chronic dysregulation of the hypothalamic-pituitary-
adrenal axis (5). These biological perturbations could affect
the cardiovascular system. Indeed, a wealth of studies have
documented many physical health problems in patients with
PTSD, especially cardiovascular symptoms (6). However,
a major limitation of many studies is a cross-sectional design,
which limits the ability to demonstrate a temporal relation-
ship between PTSD and coronary heart disease (CHD).
The few longitudinal studies performed have examined
symptoms of PTSD rather than a diagnosis of PTSD (7,8)
or have relied on death certiﬁcate codes (7,9,10) or ad-
ministrative records (11–13) for deﬁnition of outcomes. Most
studies were also based on self-reported symptoms of CHD
rather than objective measures (7,14–19). Finally, not all
studies have found an increased cardiovascular risk with
PTSD (14,17,20) or military trauma exposure (21–23). As
a result, the long-term effects of PTSD on the risk of CHD
remain unclear.
The main objective of this study was to clarify the rela-
tionship between PTSD and CHD using a prospective
co-twin study design and objective measures of CHD by
clinical history and positron emission tomography (PET)
myocardial perfusion imaging.
Methods
Subjects. The VET (Vietnam Era Twin) registry is a
national sample of male monozygotic and dizygotic twins
from all military branches who served on active duty during
the Vietnam era (1964 to 1975). The methods of
construction have been described in detail (24). The present
study is based on a follow-up of subgroups of VET Registry
twin pairs selected based on their PTSD and major
depression status as part of the Emory Twin Studies (25,26).
We selected twin pairs born between 1946 and 1956 in
which at least one member had PTSD or depression as well
as twin pairs in which both members were free of PTSD and
depression. We excluded pairs in which at least one member
reported a previous history of cardiovascular diseases and
those with contraindications to PET with adenosine stress
as previously described (25). Zygosity was obtained by DNA
typing.
Baseline assessments. DEMOGRAPHICS AND OTHER BASELINE
FACTORS. Data on demographics and military service were
obtained from military records. Detailed sociodemographic
information as well as information on combat exposure,
previous history of CHD, risk factors for CHD, and medica-
tions were obtained through a series of registry-wide surveys
conducted between 1987 and 1992 (24,27).
ASSESSMENTOF PTSDANDOTHERPSYCHIATRICDIAGNOSES. Our
primary measure of PTSD was a diagnosis of PTSD based
on the Diagnostic Interview Schedule (DIS) for psychiatric
disorders according to the Diagnostic and Statistical Manual
of Mental Disorders-Third Edition-Revised (DSM-III-R)criteria, which was administered
in 1992. Surveys were conducted
using trained interviewers and a
computer-assisted telephone
version of the DIS. For 19 twins,
a DIS diagnosis of PTSD was
missing, and it was imputed
based on a calculated Mississippi
scale score of 80 or greater (28).
A 15-item PTSD symptom scale
according to the DSM-III-R
diagnostic criteria was also ob-
tained in 1987. This scale has
high internal consistency and
acceptable reliability (27). A 2010
to 2011 VET Registry survey
found a high correlation (r ¼
0.90) between the 15-item PTSD
symptom scale and the more
contemporary 17-item PTSD
checklist based on the Diagnostic and Statistical Manual of
Mental Disorders-Fourth Edition (N. Smith, unpublished
data, January 2011). The 1992 DIS allowed assessment of
other psychiatric diagnoses, including major depression and
alcohol and drug abuse and dependence.
Follow-up assessments. After a median follow-up of 13
years, the selected twin pairs underwent an in-person clinic
visit between 2002 and 2010, including a detailed medical
history, physical examination, and review of current medi-
cations by a research nurse or physician assistant. Anthro-
pometric measurements, blood samples, and behavioral
questionnaires for measurement of risk factors for CHD
were obtained (25,26). All assessments were performed
blindly with respect to PTSD status.
Incidence of cardiovascular diseases. Symptomatic CHD
was deﬁned as having had a prior myocardial infarction or
any other overnight hospitalization for CHD, based on
typical signs and symptoms of acute coronary syndromes
(unstable angina or acute myocardial infarction), or having
undergone coronary revascularization procedures (coronary
bypass surgery or percutaneous coronary angioplasty). We
also collected information on cerebrovascular accidents,
including strokes and transient ischemic attacks.
Myocardial perfusion measurements. Twins underwent
myocardial perfusion imaging with [13N]ammonia PET at
rest and following pharmacological (adenosine) stress during
a single imaging session as previously described (25). All twins
were admitted overnight to the research facility on the day
before the PET scan. They were instructed to abstain from
smoking and from drinking alcoholic or caffeinated beverages,
and all medications were held the morning of the PET scan.
Myocardial perfusion was quantiﬁed by means of the
Emory Cardiac Toolbox (Syntermed Inc., Atlanta, Georgia),
a computer technique that provides objective (operator-
independent) quantitative assessment of perfusion with
established validity and reproducibility (29). Brieﬂy, the 3-
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972dimensional tracer uptake distribution in the left ventricular
chamber was synthesized onto a 2-dimensional polar map. A
stress total severity score (STSS) was computed according to
published methodology (30). Moreover, we examined the
percentage of subjects with an STSS of 100 or greater, which
is associated with approximately a 10% decrease in event-free
survival at 2 years in patients with established coronary artery
disease (31).
We also performed myocardial blood ﬂow quantitation for
the assessment of coronary ﬂow reserve (CFR), an index of
coronary vasodilator capacity that is a useful measure of
coronary microvascular function (32). To calculate CFR,
measurements of myocardial blood ﬂow at rest and during
adenosine hyperemia were obtained as previously described
(25). Our main outcome was the overall measure of CFR for
the entire myocardium (across all 20 regions), deﬁned as the
ratio of maximum ﬂow during stress to ﬂow at rest. We also
examined abnormal CFR, deﬁned as a CFR <2.0, which
has prognostic signiﬁcance (33). This research was approved
by the Emory Institutional Review Board, and all twins
provided signed informed consent.
Statistical analysis. SAS software version 9.2 (SAS Insti-
tute Inc., Cary, North Carolina) was used for statistical
analysis. To assess possible response bias, we compared
baseline characteristics between eligible twins who did and
did not participate in our study. We also examined whether
mortality differed according to PTSD status over the follow-
up period in participants compared with nonparticipants. We
used generalized estimating equation models for categorical
variables (such as incidence of CHD) and mixed effects
models for continuous variables (such as STSS and CFR)
with a random intercept for each pair (34). Because STSS
was not normally distributed, it was log transformed; results
are presented as geometric means and percent differences.
We ﬁtted a series of sequential models that adjusted for the
following a priori chosen baseline factors: sociodemographics
(age, education, income); service in Southeast Asia; lifestyle
and CHD risk factors (smoking, alcohol consumption,
physical activity, hypertension); major depression; and alco-
hol and drug abuse or dependence. Each model retained all
variables in previous models. The interaction between PTSD
and major depression was tested, and risk factors for CHD at
follow-up were also examined. For analysis of CFR, we
further adjusted for perfusion abnormalities (STSS). Anal-
yses were repeated for a 3-level classiﬁcation of PTSD,
including a “subthreshold” category, deﬁned as meeting both
the A (exposure to traumatic stress) and B (re-experiencing)
criteria for PTSD and either the C (avoidance and numbing)
or D (increased arousal) criteria. Analyses were further
repeated for quartiles of the PTSD symptom scale score.
Next, we compared twins discordant for PTSD. The
within-pair effects are inherently controlled for demo-
graphic, shared familial, and early environmental inﬂuences;
in addition, daily activities and other environmental factors
during the examination day were controlled by design
because twin pairs were examined together. Monozygoticpairs share 100% of their genetic material in addition to early
environment; thus, any association within monozygotic pairs
cannot be ascribed to genes or early shared environment.
Dizygotic twin pairs share familial factors but on average
only share 50% of their genetic material. Therefore, com-
parison of the effect size between the individual-level anal-
ysis and the discordant-pair analysis of monozygotic
and dizygotic twins provides information on whether genetic
or other familial or shared environmental confounding is
present (35).Results
Sample. Overall, 307 twin pairs were recruited and tested
between 2002 and 2010. The response rate was similar in
the PTSD-discordant twin pairs (127 of 318 twin pairs,
40%), in the depression-discordant twin pairs (93 of 201
twin pairs, 46%), and the control pairs (87 of 229 twin pairs,
38%). There were no differences in demographic charac-
teristics, military variables, and risk factors for CHD
between participant and nonparticipant twins. There was
also no evidence of differential mortality in participants and
nonparticipants. In the approximately 10 years between
assessment of PTSD in 1992 and the start of recruitment in
our study in 2002, there were only 43 otherwise eligible twin
pairs in which one or both twins had died, and deaths were
not associated with PTSD (3.1% vs. 2.3%, p ¼ 0.31). Over
the entire period between 1992 and 2009 (the last year
mortality was updated in the VET Registry through death
certiﬁcates), PTSD tended to be associated with total and
cardiovascular mortality, but the association was similar in
participants and nonparticipants. Among participants, the
relative risk comparing those with and without PTSD was
1.8 (p ¼ 0.19) for total mortality and 1.6 (p ¼ 0.55) for
cardiovascular mortality; among nonparticipants, the corre-
sponding relative risks were 1.8 (p ¼ 0.001) and 1.8 (p ¼
0.10).
After eliminating the second visit of 26 twin pairs with
repeated assessments, our sample included 562 twins or 281
twin pairs (170 monozygotic and 111 dizygotic pairs). Of
these, 137 subjects met the criteria for PTSD at baseline,
and 117 twin pairs (77 monozygotic and 40 dizygotic) were
discordant for PTSD. Approximately one-half of the sample
served in Southeast Asia. Twins with PTSD were more
likely to smoke, to drink alcohol, and to have a history of
hypertension, but there were no differences in other risk
factors such as body mass index and diabetes (Table 1).
Twins with PTSD were also more likely to have a diagnosis
of major depression and of alcohol and drug abuse.
Incidence of cardiovascular diseases. In total, 69 twins
developed CHD during follow-up. As shown in Figure 1,
the incidence of CHD was more than double in twins
with PTSD (22.6%) than in those without PTSD (8.9%).
This difference held for the subcategories of acute myocardial
infarction (n¼ 31), other hospitalizations for CHD (n¼ 20),
and revascularization procedures (n ¼ 39) (all p< 0.05). The
Figure 1 Incidence of CHD Based on PTSD Status at Baseline
CHD ¼ coronary heart disease; MI ¼ myocardial infarction; PTSD ¼ post-traumatic
stress disorder.
Table 2
Multivariable Analysis of the Relationship Between
PTSD and Incidence of Coronary Heart Disease
Model
Odds Ratio
(PTSD vs.
No PTSD)
95%
Conﬁdence
Interval p Value
Unadjusted 3.0 1.7–5.1 <0.001
Adjusted for sociodemographic
factors*
2.5 1.5–4.4 <0.001
Service in Southeast Asia 2.8 1.6–4.8 <0.001
Lifestyle and CHD risk
factorsy
2.3 1.3–4.2 0.006
Major depression 2.2 1.2–4.1 0.01
Other psychiatric diagnosesz 2.1 1.1–3.9 0.02
*Age, education, and family income. yNumber of alcoholic drinks per day, smoking (never, past,
current), physical activity (not active, moderate activity, vigorous activity), and history of hyper-
tension. zAlcohol or drug abuse/dependence.
CHD ¼ coronary heart disease; other abbreviation as in Table 1.
Table 1
Sociodemographic, Military Service, Lifestyle, and
Cardiovascular Disease Risk Factors at Military
Enlistment or at Baseline (1992) by PTSD Status
No PTSD
(n ¼ 425)
PTSD
(n ¼ 137)
Sociodemographic factors
Age (yrs) 42.7  2.4 42.5  2.4
Non-white 4.0 2.2
Married at enlistment 6.4 3.7
Education at enlistment
Total school years 12.4  1.3 11.8  1.1
Less than high school graduate 11.6 20.6
High school graduate 63.4 66.2
More than high school 25.1 13.2
Family income category (score: 0–10)* 7.3  2.2 6.5  2.5
Military service
Branch of service
Army 16.2 14.6
Navy 51.1 54.0
Air Force 9.4 11.0
Marines 23.3 20.4
Enlistment year
Before 1968 24.2 24.8
1968–1969 37.4 43.8
1970 or after 38.4 31.4
Service in Southeast Asia 40.0 63.5
Lifestyle risk factors
Cigarette smoking
Never 34.8 19.7
Current 30.7 51.8
Former 34.5 28.5
Physical activity
Not active 11.1 8.0
Moderate activity 60.7 64.2
Vigorous activity 28.2 27.7
Number of alcoholic beverages
consumed in a typical day
0.7  1.3 1.2  1.8
Cardiovascular risk factors and medications
Body mass index (kg/m2) 25.8  3.2 25.8  3.2
Hypertension 15.8 25.9
Diabetes 1.2 0.7
Taking blood pressure medications 4.5 2.2
Taking daily aspirin 3.8 3.6
Other psychiatric diagnoses (lifetimey)
Major depression 19.2 38.3
Alcohol abuse (with or without dependence) 58.3 74.8
Drug abuse (with or without dependence) 15.4 34.9
Values are mean  SD or %. *Income included total combined family income over the previous 12
months, and categories were as follows: 1 ¼ < $5,000; 2 ¼ $5,000 to $9,999; 3 ¼ $10,000 to
$14,999; 4 ¼ $15,000 to $19,999; 5 ¼ $20,000 to $24,999; 6 ¼ $25,000 to $29,999; 7 ¼
$30,000 to $34,999; 8 ¼ $35,000 to $39,999; 9 ¼ $40,000 to $49,999; 10 ¼ $50,000 or more.
yLifetime is deﬁned as having history of a disorder at any point in life.
PTSD ¼ post-traumatic stress disorder.
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973association between PTSD and the incidence of CHD
remained robust after adjusting for sociodemographic factors,
service in Southeast Asia, lifestyle and other CHD risk
factors, major depression, and other psychiatric diagnoses
(Table 2). In the fully adjusted model, the odds ratio (OR)
was 2.1 (95% conﬁdence interval [CI]: 1.1 to 3.9).Only 18 twins reported cerebrovascular accident events
during follow-up. These events were approximately twice as
common in twins with PTSD (5.1%) than in those without
PTSD (2.5%), but the difference did not reach statistical
signiﬁcance (p ¼ 0.14).
PET myocardial perfusion imaging. PET myocardial
perfusion data and CFR could not be obtained in some
twins. Overall, 479 twins (116 with PTSD) were included in
the STSS analysis and 416 (92 with PTSD) were included
in the CFR analysis.
The STSS was 95% higher in twins with PTSD than in
those without (p ¼ 0.001), denoting more perfusion defects
(Table 3). An STSS of at least 100 was found in 59.5% of
twins with PTSD versus 38.6% of twins without PTSD
(OR: 2.0; 95% CI: 1.3 to 3.1; p ¼ 0.001). The extent of
hypoperfusion expressed as percent of the left ventricle
affected was also signiﬁcantly higher in twins with PTSD
Table 3 Multivariable Analysis of the Relationship Between PTSD and STSS in the Overall Sample
Model
No PTSD (n ¼ 363) PTSD (n ¼ 116) % Difference,
PTSD vs. No PTSD
(95% CI) p ValueGeometric Mean 95% CI Geometric Mean 95% CI
Unadjusted 31.1 24.6–39.4 60.6 41.8–87.9 þ95% (30%–192%) 0.001
Adjusted for sociodemographic factors* 31.6 24.9–40.1 59.9 41.1–87.3 þ90% (25%–186%) 0.002
Service in Southeast Asia 30.9 24.3–39.1 64.3 43.9–94.1 þ108% (37%–217%) <0.001
Lifestyle and CHD risk factorsy 31.5 24.7–40.1 64.2 43.3–95.2 þ104% (31%–216%) 0.002
Major depression 31.3 24.5–39.9 64.1 42.6–96.4 þ105% (30%–222%) 0.002
Other psychiatric diagnosesz 30.7 24.1–39.1 68.5 45.2–103.7 þ123% (41%–254%) <0.001
A total of 469 twins (112 with PTSD) were included in the STSS analysis. Because STSS was not normally distributed, it was log transformed for analysis; results are presented as geometric means and
percent differences to improve interpretability. *Age, education, and family income. yNumber of alcoholic drinks per day, smoking (never, past, current), physical activity (not active, moderate activity,
vigorous activity), and history of hypertension. zAlcohol or drug abuse or dependence.
CI ¼ conﬁdence interval; STSS ¼ stress total severity score; other abbreviations as in Tables 1 and 2.
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974than in those without (p ¼ 0.001). Forty-two percent of
twins with PTSD had an extent of hypoperfusion >10% of
the left ventricular mass versus 26% of twins without PTSD
(OR: 1.9; 95% CI: 1.2 to 2.8; p ¼ 0.003). Multivariable
analysis did not substantially affect the relationship between
STSS and PTSD (Table 3).
Overall, CFR was signiﬁcantly lower in twins with PTSD
than in those without PTSD (absolute difference: 0.21;
p ¼ 0.02) (Table 4). The reduction in CFR was primarily
due to lower myocardial blood ﬂow during pharmacological
stress in twins with PTSD than in those without (148 vs.
160 ml/min/g, p ¼ 0.01), while myocardial blood ﬂow at
rest was not different (67.8 vs. 66.6 ml/min/g, p ¼ 0.46).
Adjustment for sociodemographic factors and service in
Southeast Asia did not substantially alter the results, but
further adjustment for lifestyle factors weakened the asso-
ciation. Adjustment for STSS did not materially alter the
difference in CFR due to PTSD (2.29 vs. 2.51; absolute
difference: 0.22), suggesting that the microvascular circu-
lation was involved. An abnormal CFR, deﬁned as <2.0,
was also more frequent in twins with PTSD (43.5%) than in
those without (24.7%, p < 0.001).
Within-pair analyses. As shown in Table 5, the odds of
CHD were 90% higher in twins with PTSD than their
brothers without PTSD (22.2% vs. 12.8%, p ¼ 0.04).
Additionally, twins with PTSD had an STSS that was 72%
higher (p ¼ 0.02) and a CFR that was 0.22 points lower
(p ¼ 0.03) when compared with their brothers withoutTable 4 Multivariable Analysis of the Relationship Between PTSD an
Model
No PTSD (n ¼ 324)
Mean 95% CI
Unadjusted 2.51 2.42–2.61
Adjusted for sociodemographic factors* 2.51 2.42–2.61
Service in Southeast Asia 2.52 2.42–2.61
Lifestyle and CHD risk factorsy 2.51 2.42–2.61
Major depression 2.51 2.42–2.61
Other psychiatric diagnosesz 2.52 2.42–2.61
A total of 416 twins (92 with PTSD) were included in the coronary ﬂow reserve analysis. *Age, years of edu
activity (not active, moderate activity, vigorous activity), and history of hypertension. zAlcohol or drug ab
Abbreviations as in Tables 1 to 3.PTSD. Adjusting for service in Southeast Asia, lifestyle and
CHD risk factors and other psychiatric diagnoses did not
diminish the association for incidence of CHD and STSS,
although the association for CFR was attenuated and no
longer signiﬁcant. Results were similar in monozygotic and
dizygotic twin pairs.
Additional analyses. The interaction between PTSD and
major depression was tested for all CHD outcomes and was
not statistically signiﬁcant. When analyses were repeated
after excluding the 19 twins with a missing DIS diagnosis of
PTSD who had their PTSD imputed based on symptoms of
PTSD, the results were virtually identical. Speciﬁcally,
among twins with a complete DIS diagnosis of PTSD, the
incidence of CHD was 22.2% in twins with PTSD and
8.6% in those without PTSD (OR: 3.1; p < 0.001); STSSs
were 59.3 and 30.8 (p ¼ 0.002) and CFR values were 2.33
and 2.51 (p ¼ 0.04), respectively.
When analyses were conducted according to a 3-level
classiﬁcation of PTSD, including no PTSD (n ¼ 210),
subthreshold PTSD (n ¼ 207), and PTSD (n ¼ 126), only
PTSD, and not subthreshold PTSD, was associated with
a higher risk of CHD compared with the group without
PTSD (Fig. 2). However, when analyses were conducted
using quartiles of the PTSD symptom scale score, a graded
association of increasing risk of CHD with increasing
PTSD symptom quartiles was found for both diagnosis of
CHD and STSS (Fig. 3). For incidence of CHD, but not
for STSS, adjustment for service in Southeast Asia as well asd Coronary Flow Reserve in the Overall Sample
PTSD (n ¼ 92) Mean Difference,
PTSD vs. No PTSD
(95% CI) p ValueMean 95% CI
2.30 2.14–2.46 0.21 (0.39 to 0.03) 0.02
2.31 2.15–2.48 0.20 (0.38 to 0.02) 0.03
2.31 2.14–2.47 0.21 (0.39 to 0.02) 0.03
2.37 2.20–2.53 0.15 (0.34 to 0.04) 0.13
2.39 2.21–2.56 0.13 (0.32 to 0.07) 0.20
2.39 2.21–2.57 0.13 (0.33 to 0.07) 0.22
cation, and family income. yNumber of alcoholic drinks per day, current and past smoking, physical
use or dependence.
Table 5 Relationship Between PTSD and CHD Outcome Measures in PTSD-Discordant Twin Pairs
CHD Outcome Measures No PTSD PTSD Estimate (95% CI) p Value
Total CHD (117 pairs) No. of Events (%) OR (95% CI)
Unadjusted 15 (12.8) 26 (22.2) 1.9 (1.0 to 3.6) 0.04
Adjusted for service in Southeast Asia, lifestyle and CHD risk factors,*
and other psychiatric diagnosesy
d d 2.1 (1.0 to 4.3) 0.045
STSS (90 pairs) Geometric Mean (95% CI) % Difference (95% CI)
Unadjusted 44.0 (28.7 to 67.2) 75.5 (49.2 to 115.9) þ72% (11% to 165%) 0.02
Adjusted for service in Southeast Asia, lifestyle and CHD risk factors,*
and other psychiatric diagnosesy
44.2 (27.9 to 70.1) 77.9 (49.0 to 123.8) þ76% (1% to 206%) 0.045
Coronary ﬂow reserve (65 pairs) Mean (95% CI) Mean Difference (95% CI)
Unadjusted 2.44 (2.26 to 2.63) 2.23 (2.04 to 2.42) 0.22 (0.42 to 0.02) 0.03
Adjusted for service in Southeast Asia, lifestyle and CHD risk factors,*
and other psychiatric diagnosesy
2.39 (2.19 to 2.60) 2.33 (2.12 to 2.54) 0.06 (0.30 to 0.18) 0.60
*Number of alcoholic drinks per day, current and past smoking, physical activity (not active, moderate activity, vigorous activity), and history of hypertension. yMajor depression and alcohol or drug abuse or
dependence.
Abbreviations as in Tables 1 to 3.
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975lifestyle and CHD risk factors diminished this trend; addi-
tional adjustment for other psychiatric diagnoses further
reduced the OR of CHD for the fourth quartile of PTSD.
At the end of the follow-up period, twins with PTSD at
baseline continued to show adverse lifestyle behaviors such
as current smoking (37.2% vs. 21.6%), alcohol consumption
(a mean of 6.4 vs. 4.6 drinks/day), and sedentary behavior
(Baecke physical activity score of 6.9 vs. 7.3). However, there
were no differences in other traditional risk factors for CHD
such as blood pressure, history of hypertension, history of
diabetes mellitus, and body mass index. The low-density
lipoprotein cholesterol level was signiﬁcantly lower in
twins with PTSD (116.6 mg/dl) than in those without
PTSD (122.3 mg/dl). There were also no differences in the
use of cardiovascular medications, including beta-blockers,
statins, and aspirin.
Discussion
In this study of middle-aged Vietnam-era veteran twins, we
found that PTSD was associated with greater than twice the
risk of CHD over a median follow-up of 13 years. This
association held for a clinical diagnosis of CHD as well as
for objective quantitative measures of myocardial perfusion
using cardiac PET. Except for CFR, the associations
remained robust after adjusting for risk factors for CHD at
baseline and were independent of major depression. Addi-
tionally, the estimates were only modestly reduced when
comparing twins discordant for PTSD, who are matched for
sociodemographic, early environment, and, in the mono-
zygotic twins, genetic factors.
Our study is the ﬁrst investigation linking PTSD to CHD
using objective measures of myocardial perfusion in addition
to a clinical diagnosis of CHD. Using a co-twin design and
both clinical and imaging endpoints, our study clariﬁes
inconsistent results in previous research. The co-twin design
also controls for unmeasured genetic and familial con-
founders that could be shared between PTSD and cardio-
vascular diseases.The mechanisms underlying the link between PTSD and
CHD have yet to be clariﬁed, but alterations in the central
and autonomic nervous system and neuroendocrine dysre-
gulation are believed to play a role (1,5). Patients with PTSD
exhibit higher catecholamine levels and higher heart rate and
other physiological parameters compared with controls,
particularly after exposure to traumatic reminders such as the
sound of gunﬁre and combat slides (1,36). Repeated
sympathetic system responses to traumatic reminders could
lead to hemodynamic hyperactivity during everyday life,
which may eventually affect cardiovascular health. They
could also affect myocardial electrical stability and the risk of
cardiac arrhythmias (37) and could contribute to reduced
heart rate variability and baroreﬂex function, which are
important risk factors for cardiac events (38). Although
chronic perturbations in the hypothalamic-pituitary-adrenal
axis could theoretically increase the risk of CHD by
enhancing metabolic risk factors, we found little evidence of
this in our data. There was no association between PTSD
and metabolic risk factors at baseline except for a higher rate
of self-reported hypertension. Notably, PTSD was also
unrelated to measured metabolic risk factors at follow-up.
PTSD may also inﬂuence the risk of CHD through
lifestyle factors. As expected, adverse lifestyle behaviors were
more common in twins with PTSD than in those without
PTSD. However, adjusting for these factors generally
accounted for a small portion of the relationship between
PTSD and CHD outcomes except CFR. The impact on
CFR may reﬂect the established effect of cardiovascular risk
factors, particularly smoking, on coronary vasodilator ca-
pacity even in the short-term and in the absence of ob-
structive coronary stenosis (32).
The associations persisted when comparing twins
discordant for PTSD, although the estimates were slightly
reduced. This indicates that, to some extent, the relationship
is due to familial inﬂuences or other early environmental
confounding factors shared by the twins. However, even
within pairs, twins with PTSD had a higher incidence of
CHD, a more compromised myocardial perfusion, and
Figure 2
Relationship Between a 3-Level Classiﬁcation of
PTSD at Baseline (No PTSD, Subthreshold, and PTSD)
and CHD Outcomes
Sociodemographic, lifestyle, and CHD risk factors included in these models are
the same as those listed in Tables 2 to 4. *p < 0.01 compared with no PTSD; yp<
0.01 compared with subthreshold; zp < 0.05 compared with no PTSD; xp < 0.05
compared with subthreshold. Adjusted1 ¼ model adjusted for sociodemographic,
lifestyle, and CHD risk factors and service in Southeast Asia; Adjusted2 ¼ also
adjusted for lifetime history of major depression and lifetime history of alcohol or
drug abuse/dependence; CFR ¼ coronary ﬂow reserve; OR ¼ odds ratio; STSS ¼
stress total severity score; other abbreviations as in Figure 1.
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Thus, the basis of the association between PTSD and CHD
does not involve confounding by familial and other shared
environmental factors.
The differences in imaging endpoints based on PTSD in
this study are clinically meaningful. The extent and severity
of myocardial hypoperfusion using operator-independent
measures carries substantial prognostic value both in per-
sons with and without coronary artery disease (31). Com-
pared with twins without PTSD, those with PTSD had
twice the odds of an STSS of 100 or greater, which is
associated with approximately a 10% decrease in event-free
survival in cardiac patients (31). They also had 90% higher
odds of hypoperfusion affecting more than 10% of the left
ventricle. The CFR was signiﬁcantly reduced, and a clini-
cally abnormal CFR (<2.0) was 80% more common in twins
with PTSD than in those without PTSD.
Study limitations. Our study required participants to travel
for an in-person examination, and our rate of participation
was modest. It is possible that twins who elected to partici-
pate were systematically different from those who did not.
However, responders and nonresponders were quite similar
in their distribution of risk factors, and therefore bias due to
nonresponse is unlikely. In addition, our within-pair results
of PTSD-discordant twin pairs are free of this potential bias,
because both twins participated. The use of the DIS in
assessing PTSD has limitations, as do all semistructured
instruments. According to a reanalysis of PTSD in Vietnam
veterans, however, the DIS produces estimates of the prev-
alence of PTSD that are similar to those of other instruments
(39). We had no access to participants’ medical records to
validate clinical endpoints, because this information is not
routinely collected by the VET Registry. However, clinical
endpoints were assessed at the in-person examination by
clinical personnel. Misclassiﬁcation of CHD events is low
when self-reported history is compared with medical record
review (40). It is anticipated that such misclassiﬁcation is
even lower when information is collected by clinicians during
health examinations rather than by self-report. Indeed, data
gathered during health examinations has often been used as
the gold standard (41,42). An additional limitation is that we
did not have PET data at baseline. Nonetheless, our PET
results corroborate the results of the incidence of CHD. Our
sample was all male and predominantly non-Hispanic white;
therefore, our ﬁndings should be generalized with caution to
other demographic groups. However, our study has the
advantage of a prospective design and objective measures of
CHD using cardiac imaging. In addition, the twin sample
offers the unique advantage of controlling for potentially
unmeasured confounding familial factors that may affect
both the risk of PTSD and the risk of CHD.
Conclusions
Among Vietnam-era veterans, PTSD is associated with
an increased risk of CHD, conﬁrmed with quantitative
Figure 3
Relationship Between Quartiles of the PTSD
Symptom Scale Score and CHD Outcomes
Sociodemographic, lifestyle, and CHD risk factors included in these models are
the same as those listed in Tables 2 to 4. p values shown are for trend. Qrt ¼
quartile; other abbreviations as in Figures 1 and 2.
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This increased risk is not due to a higher rate of established
risk factors for CHD. It is also not explained by adverse
health behaviors such as smoking and alcohol consumption
or by familial risk factors shared by PTSD and CHD.
Future studies should address the mechanisms underlying
the increased cardiovascular risk in persons with PTSD,because this information will help guide effective prevention
and treatment strategies aimed at reducing cardiovascular
morbidity and mortality in persons with PTSD.
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